The anti-allergic effects of the edible brown alga, Ecklonia stolonifera, are known to affect both degranulation in KU812 cells and anti-inflammatory properties of RAW 264.7 cells. Additional anti-allergic effects of E. stolonifera extracts were therefore investigated by examining the inhibitory effects of algal extracts on enzymes associated with eicosanoid synthesis, the inflammation reaction, and anti-degranulation activity in rat basophilic leukemia (RBL) -2H3 cells. A methanol: chloroform (1: 2, v/v) extract of the alga inhibited the enzyme activities and degranulation in stimulated RBL cells in a dose-dependent manner. When phenolic compounds were removed from the M/C extract by treatment with polyvinylpolypyrrolidone resin, the obtained residue did not exhibit the same inhibitory activities. These results imply that the active compounds present in the M/C extract may be phenolic compounds, such as phlorotannins. In addition, the novel anti-allergic effects of E. stolonifera that contributed to inhibiting the enzymatic activities were also clarified.
Introduction
Ecklonia stolonifera is a brown seaweed that grows along the coast of the Japan Sea (Notoya, 1995) . The increased abundance of E. stolonifera populations in the last 20 years has resulted in a decrease in the abundance of Laminaria japonica, traditionally harvested for human consumption, in areas such as Aomori Prefecture in the Tohoku region (Kirihara et al., 2006) . Consequently, E. stolonifera has come to be regarded as a "nuisance" species. However, from the discovery that E. stolonifera possesses anti-allergic and antiinflammatory effects by inhibiting degranulation in KU812 cells and anti-inflammation in RAW 264.7 cells (Kim et al., 2009; Shim et al., 2009) , this alga could potentially be used as an anti-allergic food source.
In a previous study, we found that phlorotannins (seaweed polyphenol) derived from Eisenia arborea inhibit the degranulation of cultured cells (rat basophilic leukemia (RBL) -2H3, KU812) as well as the activities of enzymes (cyclooxygenase (COX) -2, lipoxygenase (LOX), phospholipaseA 2 (PLA 2 ), and hyaluronidase (HA)) involved in allergic reactions (Sugiura et al., 2009b) . Therefore, in this study, to elucidate the anti-allergic mechanisms different from those inhibiting degranulation in KU812 cells and anti-inflammation in RAW 264.7 cells, we examined inhibition of COX-2, LOX, PLA 2 and HA by the M/C extracts of the alga, as well as inhibition of degranulation in RBL-2H3 cells. To determine whether the active compounds of the M/C extract are phlorotannins, the residues of the M/C extract from which phlorotannins were removed using polyvinylpolypyrrolidone (PVPP) resin (Toth and Pavia, 2001 ) was also evaluated.
Materials and Methods
Materials Sun-dried Ecklonia stolonifera was purmixed solution was lyophilized. To measure the phenolic compounds included in the combined M/C extract and the residue obtained by lyophilization, the removal ratio of the phenolic compounds was calculated.
Assay for suppression of degranulation from RBL-2H3 cells and inhibitory effects on enzymatic activities involved in allergic reactions
The assay for the inhibitory effects on the activities of the enzymes (COX-2, Soybean lipoxygenase (SBL), PLA 2 and HA) was based on a previous report (Sugiura et al., 2009b) . Since it is known that there is homology in the amino acid sequence of the active site of SBL and human 5-lipoxygenase (Funk et al., 1989; Shibata et al., 1987) , and a natural product, nordihydroguaiaretic acid, inhibits the activity of the two enzymes (Yasumoto et al., 1970) , SBL (Type I-B, Sigma-Aldrich) was used as an alternative to human 5-lipoxygenase (Komoda et al., 1995) .
RBL cells were cultured as described elsewhere (Sugiura et al., 2009a) . Since the extent of degranulation from the mast cells is proportional to that of β-hexosaminidase (β-Hex; equivalent to histamine) (Schwartz et al., 1981) , the degranulation assay by stimulated RBL cells was conducted chased from Marumo-mogami Store Co., Ltd. in Aomori Prefecture. The alga was air-dried for 3 d at 40℃ to completely remove the water, and the alga was ground into a powder by milling. Epigallocatechin gallate (EGCg, Sigma-Aldrich Co., St. Louis, MO, USA) was used as a reference compound.
Methanol/chloroform (M/C) extraction and sample preparation procedures The M/C extraction and sample preparation were performed as described previously (Sugiura et al., 2007) with some modifications (Fig. 1) . Fifty grams of the E. stolonifera powder was extracted with 200 mL of methanol for 3 h on a magnetic hot plate stirrer. Four hundred mL of chloroform was then added and a continuous extraction was performed for 1 h. After the supernatant was filtered (No. 2 filter paper, Toyo Roshi Co., Ltd.), it was partitioned with 150 mL of water. The upper water layer was then partitioned with 150 mL of diethyl ether. The upper diethyl ether layer was then recovered and condensed using a rotary evaporator. To purify the phenolic compounds, the concentrate was applied to a Sep-Pak C18 cartridge (20 cc, Waters Co., Milford, MA, USA). After washing the column with water, the adsorbates were eluted with methanol. The eluate was dried using a rotary evaporator and retained as the M/C extract. The M/ C extract was then either dissolved in methanol or dimethyl sulfoxide (DMSO) for the enzyme inhibition assay or dissolved in Tyrode buffer (pH 7.2) (Matsuo et al., 1997) for the degranulation assay. When the extract was not soluble in the Tyrode buffer, it was dissolved in a buffer containing 10% DMSO. To avoid the influence of DMSO on the chemical mediator release assay, the solution was diluted with water so that the final concentration of DMSO was less than 0.1% (Kagayama & Douglas, 1974) . The solution was then stored at −20℃ until use.
Measurement of phenolic compounds The quantity of phenolic compounds in the M/C extract were measured by the Folin-Denis method (Folin and Denis, 1915) and was calculated as the concentration of phloroglucinol that is a standard compound of the phlorotannins. The concentration of the tested sample was expressed as the amount of the phenolic compounds.
Removal of phenolic compounds (phlorotannins) included in the M/C extract by polyvinylpolypyrrolidone (PVPP)
Removal of phlorotannins was performed as described previously (Maeda et al., 1989) with some modifications. Four mL of the M/C extracts, 36 ml of distilled water and 4 g of the PVPP resin (Sigma-Aldrich) were mixed in a centrifuge tube. The mixture was incubated for 1 h with occasional shaking and then centrifuged at 1100 × g for 30 min. The supernatant and precipitate (PVPP resin) were separated. The precipitated PVPP resin was washed twice with 20 mL of distilled water. The rinse water was combined with the supernatant and the Y. sugiuRa et al. PLA 2 activities by 8.4% and 7.6%, respectively. Regarding the anti-allergic effect of E. stolonifera, phlorotannin (phlorofucofuroeckol (PFF) -A) derived from the alga is known to exhibit an anti-inflammatory effect by inhibiting COX-2 protein expression in RAW 264.7 cells stimulated with lipopolysaccharide (Kim et al., 2009) . In this study, the observation that the M/C extract inhibited COX-2, SBL, PLA 2 and HA activities, suggested that components of the alga possess anti-inflammatory mechanisms that are unrelated to the inhibition of COX-2 protein expression. Based on our previous studies, the IC 50 values of the inhibitory effects of the M/C extract from E. stolonifera on COX-2, PLA 2 and HA activities were similar to those of an M/C extract from Eisenia arborea (COX-2, 0.97 mg/mL; PLA 2 , 0.37 mg/mL; HA, 0.29 mg/mL) (Sugiura et al., 2009b; unpublished data) . However, whereas the IC 50 values of the inhibitory effects of the M/C extract from E. stolonifera on SBL activity was 0.04 mg/mL, that of E. arborea was > 2 mg/mL (inhibition ratio at 2 mg/mL, 41.1%; unpublished data). The difference in the inhibitory activities of the two algae may be attributed to the composition of the active components, and also because E. stolonifera contains strong active compounds, such as phlorotannins (e.g. dioxinodehydroeckol), which were not isolated from E. arborea. Based on the findings that the M/C extract significantly inhibited SBL and HA activities more than the natural inhibitor, EGCg, components of the alga may be more effective than those of other anti-allergic food materials. Since the PVPP residue had very little inhibitory effect on the enzymatic activities involved in allergic reactions, the active components may be phlorotannins. However, we have not yet determined whether the active components of the alga are indeed phlorotannins and more detailed experiments on the components that actively inhibit these enzymes are required.
The PVPP residue inhibited COX-2 and PLA 2 activities by 8.4% and 7.6%, respectively. E. stolonifera is known to produce a functional polysaccharide, alginate (Kuda et al., 2007) , which inhibits HA activity (Asada et al., 1997) . Interestingly, the PVPP residue did not inhibit the HA activity in by measuring the β-Hex activity as described in a previous report (Sugiura et al., 2009a) . Experimental conditions for cell stimulation and exposure to tested samples was as follows. The cells (2×10 5 cells/well) were precultured and sensitized overnight with 0.2 μg of anti-DNP IgE (Sigma) in a 24-well plate. After removal of the anti-DNP IgE, the test samples were added and the cells were incubated for 10 min. The cells were subsequently stimulated with 4 μg of DNP-BSA (LSL Co., Ltd., Tokyo, Japan) for 30 min. No inhibition of the β-Hex activity by the tested samples was observed.
Statistical analysis Data were expressed as mean ± SD. For analysis of the inhibitory effect on the enzymatic activity, statistical analyses were performed using Student's t-test. P < 0.05 was considered to be statistically significant.
Results and Discussion
When 50 g of dried Ecklonia stolonifera powder was extracted with M/C solvent, 102.2 mg of the M/C extract was obtained. The M/C extract included 91.3 mg of phenolic compounds. When 36 mg of the obtained phenolic compounds was treated with PVPP resin to remove the phenolic compounds, the quantity of phenolic compounds in the residue was 0.45 mg. The removal ratio of phenolic compounds that could have been phlorotannin was 98.8%. Therefore, in this study, it was found that PVPP treatment is capable of removing the phlorotannins derived from the brown algae.
The inhibitory effects of the M/C extract on the enzymatic activities of COX-2, SBL, PLA 2 and HA are shown in Table 1 . Although the inhibitory effect of the M/C extract on COX-2 activity was slightly weaker than that of Epigallocatechin gallate (EGCg), the extract inhibited SBL and HA activities significantly more than EGCg. In particular, the extract exhibited its strongest inhibition on the SBL activity (IC 50 = 0.04 mg/mL). The inhibitory effect of the M/C extract on the PLA 2 activity was comparable to that of EGCg. The residue remaining after removal of the phlorotannins by PVPP treatment (PVPP residue) exhibited no effect on SBL or HA activities at 1000 μg/mL (weight of the residue/volume of solvent). However, the residue did inhibit COX-2 and
The anti-allergic effect of E. stolonifera the effect was stronger than it was with EGCg. In a previous study, the inhibitory effect of the M/C extract from E. arborea on degranulation in RBL cells was demonstrated, with inhibition associated with concentrations of 5, 10 and 50 μg/ mL being 20.9, 70.5 and 100%, respectively (Sugiura et al., 2011) . The inhibitory effect of the E. arborea extract was comparable of that of the E. stolonifera extract in this study. Therefore, as in E. arborea, the components of E. stolonifera possess a strong anti-degranulation effect.
In conclusion, the M/C extract of E. stolonifera exhibited a markedly stronger inhibitory effect on the enzymes (LOX and HA) involved in the allergic reactions and degranulation in RBL cells than the natural inhibitor, EGCg. In addition, the novel anti-allergic effects that contributed to the inhibition of enzymes in this alga were determined. The alga may therefore be well suited as an anti-allergic food source. this study. Thirty milligrams of the PVPP residue obtained from 50 g of dried E. stolonifera powder contained 0.25 mg of carbohydrates, determined by the phenol-sulfuric acid colorimetric method (Dubois et al., 1956) . It is therefore possible that a small amount of polysaccharides may be responsible for the weak inhibition. To determine the effects of the polysaccharide included in E. stolonifera, further studies are needed.
As shown in Fig. 2 , the M/C extract of E. stolonifera more strongly suppressed the degranulation in RBL cells than the more commonly used natural inhibitor, EGCg, in a dose-dependent manner. The inhibition ratios of the M/C extract at concentrations of 5, 12.5, 25 and 50 μg/mL were 31.2, 85.4, 94.1 and 100%, respectively. Since an induction of cell death by components of the extracts was suspected due to lower degranulation in RBL cells at concentration of 50 μg/mL, the induction of cell death was checked by exclusion of Trypan blue. The survival ratio was 95.2%, and cell death by the extract was not observed (data not shown). Since the PVPP residue had no effect on degranulation at 1000 μg/mL, the active components are likely to be phlorotannins. Regarding the anti-degranulation effect of algal extracts, phlorotannins (dioxinodehydroeckol and PFF-A) derived from E. stolonifera have been shown to inhibit histamine release from the KU812 cells. This histamine release inhibition is due to the inhibition of degranulation attributed to a blocking of IgE receptor expression (Shim et al., 2009) . In this study, the inhibitory effect of the algal components on degranulation in RBL cells was also demonstrated; indeed The values on the x-axis are expressed as the concentration of phenolic compounds contained in the M/C extract or EGCg. The inhibition ratio was calculated from the results of triplicate experiments. Data are expressed as means ± SD. The reproducibility was confirmed by repeated runs. Solid line: M/C extract; broken line: EGCg.
